Summary: Psychometric examination of a group of diabetic patients and a group of age-matched controls failed to provide evidence of impaired intellectual functioning in the diabetic group. The cognitive status of the diabetics was not related to the duration of the illness, the age at diagnosis, or clinical ratings of peripheral or autonomic neuropathy.
atherosclerosis is observed to occur more frequently, and at a younger age, in diabetics than in the general population (Grunnet, 1963) and endocrinological and metabolic evidence has been adduced in support of the view that diabetes mellitus constitutes a model for ageing, in that it is accompanied by a form of accelerated ageing (Kent, 1976; Shagan, 1976) . We might therefore expect that such intellectual functions as immediate memory and new learning, which show particular vulnerability to the effects of ageing in the normal population, might exhibit specific deficits in a diabetic population when compared to a control group of healthy individuals.
There is considerable evidence that early-onset (juvenile) diabetes differs in character from the maturity-onset form, and Meuter et al (1980) have suggested that psychometric deficit may be more characteristic of maturity-onset diabetes than of early onset diabetes.
The relatively common occurrence of peripheral neuropathy in diabetic populations may testify to a concomitant neuropathy of the central nervous sys tem, which might impair the integrity of intellectual function. Silber et al (1968) have reported marginally significant differences on the Benderâ€"Gestalt test, between diabetic patients with and without neurop athy, although they -do not refer to this finding in the discussion of their results, choosing rather to emphasise the personality changes associated with neuropathy. Letemendia et a! (1979) 
Method

Subjects
The subjects of this study, and the selection criteria employed, are described in detail in another paper (Surridge et a!, 1984) . The diabetic group consisted of 48 of the 50 insulin-dependent patients previously described, one having been excluded because of a familiarity with the psychological tests which would have invalidated the results of the psychometric examination, the other for lack of data. The subjects were aged from 16 to 60 years, and the age of onset of the disease ranged from 5 to 60. The control group comprised non-diabetic spouses and friends' of the patients, supplemented by a few additional volunteers selected in order to achieve matching of age and sex between the two groups. Demographic information on the patients and controls is presented in Table I .
Education level was quantified as described in the previous paper. Age and education were compared for the two groups by means of a t-test, sex ratio by a chi squared test. The groups were well matched in terms of age and ratio of males to females, but the diabetic group clearly showed a somewhat lower level of educational achievement than the controls.
The duration of the illness (from initial diagnosis to the time of testing) ranged from 1 month to 45 years (mean 13 years, SD 11 years). The product-moment correlation between the duration of the illness and the age of the patient was 0.16â€"not statistically significant.
Psychometric instruments
Wechsler Adult Intelligence Scale (WAIS)
This instrument (Wechsler, 1955) is perhaps the best standardised of all intellectual tests for adults, and permits precise comparison of an individual's pattern of scores with that of his contemporaries in the general population. It is, however, lengthy to administer in its entirety, so a judicious selection of five of the eleven sub-tests was made for the purposes of this study. These tests, whose composite has a correlation of 0.94 with the Performance 10 in the standardisation population, involve new learning, spatial ability and problem-solving ability. They are more vulnerable than the verbal tests to the process of normal ageing (Wechsler, 1955) and may therefore be more sensitive to the effects of generalised brain dysfunction. The difference between Verbal 10 (VIQ) and Performance 10 (PlO) is a well known index of general intellectual deterioration.
Wechs!er Memory Scale (WMS)
This test of general memory function (Wechsler & Stone, 1945) yields an age-adjusted Memory-Quotient (MO) which is comparable to the WAIS 10 in that it has approximately the same normal distribution, mean and standard deviation in the general population.
Kimura Repeated Figures Test
This test (Kimura, 1963) consists of a series of abstract drawings presented to the subject on cards.
There are eight drawings which recur several times in the series, while the remainder of the designs occur only once. The subject simply indicates, after the presentation of each card, whether or not it has appeared in the series before. This format does not require the evaluation of a complex visuo-motor response, thus avoiding the problem of confounding memory and motor functions. The original test, consisting of 160 cards, was judged to be too long, and only the first 80 cards were used in our study.
Repeated Words Test
This test was constructed to be analogous to the Kimura test. Eighty bi-syllabic nouns, with a frequency of occurrence in written language of 100 or more per million words (Thorndike & Lorge, 1944) , were presented orally. Eight of the words occurring in the first block of 20 words were repeated during the series: the subject was required to say which were repeated.
Assessment of neuropathy
The peripheral and autonomic nervous systems were evaluated by a consultant physician in rehabilitation medicine (Monga). The assessment included a com plete neurological examination, with special attention being paid to the deep-tendon reflex in the upper and lower limbs, and the evaluation of sensory loss. Note was made of any muscle-wasting or weakness, and peripheral pulses in the limbs were examined for Bishnu and Berenyi (1971) , and scored according to the norms of Ewing eta! (1973) .
2. The blood-pressure response to a sustained hand grip was evaluated by the method described by Ewing
eta! (1973).
3. The beat-to-beat variation test, using ECG recording to determine the change in interval between beats caused by having the patient stand up, was assessed by the procedure described by Ewing et al (1978) and scored accordingly to their norms. 
Analysis and Results
Hypothesis 1: diabetics vs. controls
Verbal lOs based on the â€˜¿ information'and â€˜¿ vocabu lary' sub-tests of the WAIS were computed as standard scores, with a population mean of 100 and standard deviation of 15. They were calculated from the age scaled scores and inter-correlations provided by Wechsler (1955) , using the method for determining the standard deviation of a composite score described by â€˜¿ Data available only for 45 subjects Nunnally (1978) . Performance lOs were similarly computed from the age-scaled scores of the Digit Symbol, Block Design and Object Assembly sub-tests.
Memory Quotients were calculated by the method described by Wechsler and Stone (1945 Comparisons between the diabetic and control on these measures, and on the Verbal 10/Performance 10 difference score, were effected by means of a separate between-subjects analysis of covariance with educa tion level controlled as a covariate, as the groups were not matched in this respect.The results are presented in Table III .
The most striking feature of these results is their generally negative character; the intellectual status of this group of insulin-dependent diabetics is not notably inferior to that of the age-matched control group. Of the five independent measures of neuropsychological function, only the Memory Quotient derived from the Wechsler Memory Scale distinguished between the groups at the 5% level of confidence. The probability that one of five independent inferential statistical test comparisons will prove â€˜¿ significant' by chance alone is about 23%; thus we cannot conclude that we have any convincing evidence of neuropsychological deficit in our clinic population.
Hypotheses 2 and 3: duration of illness and age of onset The partial product-moment correlation between each cognitive measure and duration of illness, with education and age partialled out, is shown in column A of We judged three of our 48 diabetic patients to be too physically frail to be subjected to the tests for signs of autonomic neuropathy. The following results are thus based on observations of the 45 patients for whom complete neuropathy data were available. Table V shows the results of partial product-moment correlations between the cognitive measures and (a) our rating of peripheral neuropathy (b) our rating of autonomic neuropathy, with age and education partialled out, based on 45 observations.
The results of these correlational analyses are almost completely negative. Only one of the twelve correla tion coefficients reaches statistical significance, and then only at a marginal level of confidence. Moreover, this marginally significant correlation owes as much to a positive correlation of 0.14 between peripheral neuropathy and VIQ as it does to the negative correlation between peripheral neuropathy and PlO leads us to suspect that our single significant correla tion is in fact an artefact. Letemendia et al (1979) reported a significant negative correlation between the VIO/PIQ difference Rating each subject for overall peripheral neurop athy on a scale of 1â€"4 gave a mean rating of 3.24 (SD 0.65) and the following grouping:
Peripheral neuropathy
Absent (1 point) n = 0 Mild(2points) n=5 Moderate (3 points) n = 24 Severe (4 points) n = 16
It is notable that some degree of peripheral neuropathy was considered to be present in every subject.
Rating on a 3-point scale for autonomic neuropathy gave a mean of 2.42 (SD 0.66) and the following grouping:
A utonomic neuropathy: Absent(1 point) n = 4 Borderline (2 points) n = 18 Definite (3 points) n = 23 score and sural nerve conduction velocity in ten diabetic patients, i.e. those who showed an abnormal discrepancy between VIQ and PlO also exhibited the greatest degree of sural nerve pathology. To determine if we could replicate and extend this finding with our present data, we examined the partial product moment correlations of each of our six measures of intellectual functioning, including the VIQ/PIQ differ ence score, with both distal and proximal estimates of sural nerve conduction velocity, partialling out age and education.
None of the twelve correlations approached a satisfactory level of statistical significance.
Discussion
The largely negative character of our findings concerning intellectual deterioration in a substantial group of diabetic patients leads us to conclude that cognitive deficit is not a cardinal feature of our clinic population of diabetic patients. Futhermore, there is no evidence that the intellectual status of the diabetic patient is significantly affected by the duration of the disease. Thus the observations of Kent (1976) and Shagan (1976) , that the physical characteristics of the disease resemble in several respects an accelerated form of ageing, are not echoed in the performance of our patients on intellectual tasks known to be vulner able to the normal ageing process. It should be pointed out, however, that our oldest patient was only 60. It is possible that examination of patients in the seventh and eighth decade, when the decline in intellectual functions in the general population becomes precipi tous, would yield different results: an interaction between the diabetic process and the more rapid natural decline of cognitive abilities occurring in that age-range may produce deficits in the diabetic group which are not observed in younger patients.
The virtual absence of correlation between the intellectual measures and the age of onset of the disease is not in accord with the findings of Meuter eta! (1980) , who demonstrated somewhat greater cognitive deficit in maturity-onset diabetics compared with that observed in a matched group of early-onset patients, although it should be noted that the statistical significance of the results was marginal.
Perhaps our most interesting finding is the absence of correlation between the various measures of intellectual status and the clinical ratings of either peripheral or autonomic neuropathy, although it should be pointed out that none of our patients was completely free of neuropathy. There are a number of conditions, such as alcoholism, in which peripheral neuropathy may be observed in conjunction with a central nervous system encephalopathy which pro duces an impairment of intellectual function of such a degree as to be readily demonstrable in psychometric or clinical examination. Diabetic neuropathy, on the other hand, seems to bear a closer resemblance to the peripheral neuropathy which occurs in conjunction with some viral infections, in that neither appears to be associated with any central deficit.
